The parasitic form of Fonsecaea pedrosoi from the hyperkeratotic layer of the skin was obtained from four patients with chromoblastomycosis. Primary cultures containing hyphae and conidia were successfully converted into sclerotic cells in the presence of 800 WM propranolol and low pH as described before [1] . The morphology of sclerotic cells of F. pedrosoi obtained in vivo and in vitro was analyzed by light and electron microscopy. Their antigenicity was also compared by immunofluorescence microscopy and ELISA assays, using serum samples from untreated patients infected with F. pedrosoi. Due to the similarity of the sclerotic cells obtained in vivo and in vitro, the latter can be more adequately in studies of host^parasite interactions in chromoblastomycosis. ß
Introduction
Fonsecaea pedrosoi is a dematiaceous fungus which, among other pathogens such as Phialophora verrucosa, Cladosporium carrionii, Rhinocladiella aquaspersa and Fonsecaea compactum [2, 3] , causes a chronic subcutaneous disease in man, rarely in animals, called chromoblastomycosis [4, 5] . This infection is prevalent in tropical and subtropical regions and usually a¡ects male agricultural workers who are not adequately protected while handling the soil, vegetables and decomposing organic matter, which are natural habitats of the fungus [6, 7] . Transepithelial elimination, a spontaneously occurring dermoepidermal process, is characteristic of the pathology of chromoblastomycosis. Damaged connective tissue, foreign matter and the fungal etiologic agents in the dermis are expelled through the epidermis, resulting in 'black dots' at the lesion surface [8, 9] .
Similarly to other pathogens, F. pedrosoi is a dimorphic fungus with a ¢lamentous conidia producing mycelium in the saprophytic phase, and a much reduced thallus with small aggregates of spherical, brownish-yellow cells with thick, deeply pigmented walls, dividing by septation rather than budding, in the parasitic phase [10] .
Although inadequate, the term 'sclerotic cells' has been widely used in the literature to refer to the tissue form of chromoblastomycosis agents [2] . These structures are believed to be highly resistant forms. Even though their morphology is known, the physiology of sclerotic cells is obscure, largely because the tissue form is very hard to induce in traditional culture media and is not usually obtained in su⁄cient quantity from infected tissues [2, 11] Several studies showed that low pH and Mn 2þ deprivation, or a supply of calcium seem to be important to induce sclerotic cell formation from chromoblastomycotic fungi [10^13] . In a previous report, we have successfully triggered the process of cell di¡erentiation to sclerotic cells of a hyphal culture of F. pedrosoi by adding propranolol [1] . Propranolol, a local anesthetic and antagonist of transmembrane L-adrenergic receptors and of the Ca 2þ binding protein calmodulin [14] , was able to trigger the process of cell di¡erentiation in protozoa such as Herpetomonas muscarum muscarum and Trypanosoma cruzi [15, 16] .
Although previous ultrastructural studies reported on sclerotic cells of F. pedrosoi obtained in vivo and in vitro in di¡erent occasions [4, 9, 17, 18] , the purpose of the present work was to show, by using light and electron microscopy, the similarity of both forms and to study the initial steps of the conversion of hyphae to sclerotic cells produced in vitro. In addition, we looked at possible antigenic similarities of sclerotic cells obtained in vivo and in vitro through ELISA tests and immuno£uorescence assays with sera from patients with chromoblastomycosis.
Materials and methods

Specimens and serum samples
Surface scrapings and crusts were obtained from skin lesions of male patients (30, 32, 66 and 72 years old) with chromoblastomycosis admitted at the Mycology section of the Evandro Chagas Institute/FNS, Bele ¤m, PA, Brazil. All specimens scraped o¡ the skin lesions had abundant sclerotic bodies shown in potassium hydroxide preparations. The serum samples were obtained from the same four untreated patients with chromoblastomycosis.
Identi¢cation of fungi
For mycologic con¢rmation of the presumptive diagnosis, the epidermal scrapings were cultivated on Sabouraud^dextrose-agar (SDA) slants containing chloramphenicol, at room temperature. After growth, the fungus was inoculated on potato agar slides for 2 weeks, at 25^27 ‡C. The conidiogenesis was evaluated by light microscopy.
Culture media and fungal morphology
For in vitro sclerotic cells, the fungus isolated on SDA was inoculated in Butter¢eld (BF) medium with the following composition (g l 31 ): MgSO 4 1.5 g; KH 2 PO 4 1.8 g; biotine 5U10
35 g; thiamine^HCl 10 34 g; glycerol 5 ml; pH 6.5 [19] . After 2 weeks, a second inoculum was made in BF medium supplemented with 800 WM of DL-propranolol, pH 2.7. Propranolol cultures were grown for 45 days, at 37 ‡C, with shaking as described by Alviano et al. [1] . In vivo sclerotic cells were obtained directly from the skin scrapings. Epidermal scrapes were washed several times in deionized distilled water and incubated sequentially for 1 h at 37 ‡C in the presence of collagenase type IA (1 mg ml 31 ) and then with deoxyribonuclease I (50 Wg ml 31 ). After the enzymatic treatments, the samples were washed twice in deionized distilled water and the sclerotic cells were separated by centrifugation (5000Ug, 5 min).
Transmission electron microscopy (TEM)
'Black dots' found on the surface of chromoblastomycosis lesions and sclerotic cells elicited in vitro were ¢xed for 2 h at room temperature with 2.5% glutaraldehyde, 4% paraformaldehyde and 5mM CaCl 2 , in 0.1 M cacodylate bu¡er, pH 7.2, washed and then post-¢xed, for 1 h, in a solution containing 1% OsO 4 , 0,8% potassium ferrocyanide and 5mM CaCl 2 in 0.1 M cacodylate bu¡er. The cells were then rinsed, dehydrated in a graded series of acetone and embedded in Epon. Ultrathin sections were examined in a Zeiss 900 transmission electron microscope.
Scanning electron microscopy (SEM)
For SEM, only the sclerotic cells elicited in vitro were used. Cells were ¢xed as described above, washed and attached to a glass coverslip covered with poly-L-lysine. They were post-¢xed, dehydrated in an ethanol-graded series and critical point-dried with CO 2 . The specimen was coated with 2 nm of chromium in a Gatan model 681 high-resolution ion-beam coater, and examined in a JEOL JMS-6340 F scanning electron microscope. 
Immuno£uorescence microscopy (IM)
Sclerotic cells obtained in vivo and in vitro were ¢xed in 4% paraformaldehyde cacodylate bu¡er (0.1 M, pH 7.2) for 1 h at room temperature. Fixed cells were washed twice in phosphate-bu¡ered saline (PBS) and incubated sequentially for 30 min in PBS containing 150 mM NH 4 Cl and then in 1% bovine serum albumin in PBS for 1 h. Sclerotic cells were washed in PBS and sequentially incubated with normal human sera or sera from patients with chromoblastomycosis, at 1:200dilution, and £uorescein isothiocyanate-labeled anti-human IgG (Sigma Chemical Co.), at 1:100 dilution, for 1 h at room temperature. The serum samples were obtained from patients with untreated chromoblastomycosis. All the human sera used in this work were absorbed twice with 10 10 yeast cells of Candida albicans (ATCC 18804) per ml of serum. Control cells, which had not been incubated with normal human sera or patients' sera were also prepared. Sclerotic cells were washed and 5 Wl of the cell suspension was placed on glass slides and observed with Axioplan 2 (Zeiss) £uorescence microscope.
Fungal antigens and ELISA technique
The in vitro sclerotic cells were washed twice in TrisĤ Cl, pH 9.0, to avoid interference of melanin. To obtain the cell-surface antigens, a thick suspension of fungal cells in PBS pH 7.2 was incubated for 15 min at 100 ‡C. After the extraction, the suspension was centrifuged (10 000Ug, 30 min, 4 ‡C). The total polysaccharide of the crude extract was determined by the method of Dubois et al. [20] and adjusted to 5 Wg ml 31 for use in ELISA reactions. The ELISA technique was performed as previously described [21] , with slight modi¢cations for optimal conditions with the fungal antigens. Plates were coated with antigens (5.0 Wg ml 31 ) and incubated for 1 h; serum dilutions were 1/100 to 1/400; the conjugate was peroxidase-labeled goat anti-human IgG (Sigma Chemical Co.) at 1/10 000 dilution ; and OD measurements at 492 nm were carried out in a microplate reader (Bio-Rad model 550). 
Results
Light microscopy
The etiologic agent was identi¢ed by micromorphological characteristics and conidiogenesis, as F. pedrosoi in all samples (data not shown). Light microscopy examination of a potassium hydroxide preparation of the scaly crusts demonstrated dark-brown, thick-walled, spherical fungal cells exhibiting typical planate division (Fig. 1A,B) . Sclerotic cells elicited in vitro by the addition of propranolol (Fig. 1B) were quite similar to those isolated from the lesions (Fig. 1A) , both presenting planate division.
TEM
Images of 'black dots' revealed the presence of well-preserved thick-walled sclerotic bodies surrounded by damaged connective tissue and foreign matter ( Fig. 2A,B) . Some cells could be seen initiating the process of planate division. The septation process involved the plasma membrane and the inner layer of the fungal cell wall (Fig. 2A) . It was also possible to observe a thin ¢brilar layer surrounding the sclerotic cells (Fig. 2B) . Sclerotic cells elicited in vitro (Fig. 2C,D) had a similar morphology to that observed in the material originated from 'black dots'. They presented a thick multilayer and electron-dense cell wall, and transverse septum that is peculiar of planate division. In vitro sclerotic cells that were grown for more than 60 days showed several vacuoles and absence of cytoplasmic organelles (Fig. 2D ).
SEM
Images from SEM showed that sclerotic cells usually arise from the hyphal tip, in a process that involves stu¡-ing and a subsequent budding of a globular cell at the tip (Fig. 3A) . This globular or sclerotic cell can divide by septation (Fig. 3B,C) , or by budding (Fig. 3B) . It is possible to observe a line surrounding the cell delimitating the portion of the cell wall involved in the septation process (Fig. 3B,C) . The hyphal extremity could also act as a vessel holding the new cells (Fig. 3B) . In a ¢nal step, the ¢lament seemed to degenerate (Fig. 3D) , resulting in the presence of sclerotic body aggregates.
IM
In vivo and in vitro sclerotic cells of F. pedrosoi were incubated with sera of four patients with chromoblastomycosis and analyzed by IM (Fig. 4) . The reactions were really intense and very similar in both sclerotic cells. The uniform surface labelling con¢rmed the antigenic similarity between in vivo and in vitro sclerotic cells. The reaction of normal human sera with both sclerotic cells was weaker than that observed with sera from patients with chromoblastomycosis.
ELISA analysis
Serum samples of four patients with chromoblastomycosis were tested by ELISA with the crude antigenic extracts of sclerotic cells of F. pedrosoi obtained in vitro. The ELISA assay showed di¡erences between the reactions with normal human sera and sera from patients with chromoblastomycosis (Fig. 5 ).
Discussion
Attempts to induce the parasitic stage of chromoblastomycotic fungi in vitro using di¡erent approaches have been periodically reported since 1915 [4,13,22^25] . The production of disarticulated sclerotic bodies of F. pedrosoi using propranolol [1] provided a new methodology to obtain larger amounts of these cell forms. Mendoza and coworkers [11] have proposed that as propranolol is an antagonist of Ca 2þ -binding protein calmodulin, it may interfere in the metabolism of F. pedrosoi avoiding Ca 2þ capture, suggesting that Ca 2þ may be one of the factors involved in the induction of sclerotic bodies in F. pedrosoi. Support for this hypothesis was provided by the fact that addition of low concentrations of calcium at pH 2.5, or of the Ca 2þ chelator EGTA, to cultures of Wangiella dermatitides, another dematiaceous fungi, triggered the development of well-di¡erentiated multicellular forms [18] . The results showed in this study revealed the presence of preserved fungi in 'black dots', leading us to think that sclerotic cells are not just inactive resistant foreign bodies, but are instead actively growing, dividing viable fungi. The identi¢cation of F. pedrosoi as the etiologic agent in all samples showed the great importance of this species in chromoblastomycosis cases of the Amazonic region, as described previously by Silva et al. [7] .
The ultrastructural results showed in this work compare and con¢rm prior observations with in vivo and in vitro sclerotic cells of F. pedrosoi and other agents of chromoblastomycosis [4, 17, 25, 26] . A multilayered, electron-dense outer wall frequently surrounded the cells. The electron Fig. 4 . Binding of antibodies from serum of patients with chromoblastomycosis to F. pedrosoi. In vivo (A^D) and in vitro (E^H) sclerotic cells were incubated in the presence of antibodies from normal human sera (A, B, E, F) and from chromoblastomycosis patients' sera (C, D, G, H), and analyzed under di¡erential interferential contrast microscopy (left panels) and indirect immuno£uorescence. In control systems, in which no antibodies from serum of patients with chromoblastomycosis were added prior to incubation with £uorescein isothiocyanate^anti-human IgG, no detectable £uorescence was observed (not shown). Magni¢cation, U240. density of the outer wall is thought to be due to melanin pigment [27] . Occasionally, the outermost layers of the cell wall were less homogeneous than the innermost layers and breaks, gaps and splitting were particularly frequent in the outermost layers. Even so, the internal ultrastructure appears to be quite normal in these cells. The cytoplasm of young sclerotic cells was typical of actively growing cells, presenting normal internal organelles. In older sclerotic cells, the cytoplasm contained numerous lipid bodies and glycogen deposits resembling the cytoplasm of a resistant spore, as previously described by Cooper [4] .
Although we have only used sclerotic cells induced in vitro for SEM studies, these cells presented similar morphology to those observed within scales and crusts obtained from patients with chromoblastomycosis by Harada and Kusunoki [17] .
It has been suggested that sclerotic cells result when polar growth (bud or hyphal development) is retarded but isotropic cell enlargement and division continue [4, 25] . For us, it seems not to be true because in the same condition, as shown by SEM images, globular cells may be dividing by budding or by transverse septation at the same time.
The demonstration of circulating antibodies in chromoblastomycosis has always been di⁄cult using double immunodi¡usion [28^31] or indirect immuno£uorescence techniques [32, 33] . Recently, Esterre et al. [21] demonstrated the humoral immune response in chromoblastomycosis using a micellial crude antigen from F. pedrosoi by ELISA and immunoblotting. Since the sclerotic cells are the principal forms in the 'black dots', the humoral immune response of patients with chromoblastomycosis was detected using these cells obtained in vivo and in vitro. Both forms were very reactive with patients' sera and the interaction was mainly with cell-surface components as shown by immuno£uorescence. A great similarity was observed in the immuno£uorescence pattern of in vivo and in vitro sclerotic forms of F. pedrosoi. Normal human serum reacted weakly with both cells. Two di¡erent crude antigenic extracts were used: a whole-cell extract (protein) and a cell-surface extract (sugar). The best response was observed with the carbohydrate-rich cell-surface extract, since it allowed detection of speci¢c antibody response for chromoblastomycosis.
In a previous work, Esterre and co-workers [21] detected a high level of IgM antibodies against micellial extracts of F. pedrosoi in chromoblastomycosis patients' sera. In this work, we have detected IgG antibodies reacting with surface components of sclerotic cells.
In conclusion, the establishment of conditions to obtain sclerotic cells in vitro, which are quite similar to those observed in vivo from recent isolates, allowed us to describe the morphological steps of conversion of F. pedrosoi hyphae into sclerotic bodies. The antigenic cross-reactivity between in vivo and in vitro sclerotic cells further con¢rms their similarity, showing that the latter can be used in experiments aiming to understand the parasite^host interaction in chromoblastomycosis.
